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OPTICAL PICKUP 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method for an optical element for an optical pickup 
capable of integrally forming the microlenses (objective 
lens and solid immersion lens) of optional refractive 
indexes on a flat substrate with high position accuracy 
by a simple manufacturing method. 

SOLUTION: In this manufacturing method of the optical 
element of the optical pickup provided with the 
objective lens 3 provided with the function of 
converging collimated light and the solid immersion lens 
4 whose optical axis is matched with the objective lens 
and refractive index is higher than the substrate 
arranged at a position closer to a recording medium than 
the objective lens for which at least one or more sets 
of the objective lens and the solid immersion lens are 
formed on one substrate 2, concave surfaces 2a and 2b 
are formed on both surfaces of the substrate 2, the 
lenses 3 and 4 of a shape matched with the concave 
surfaces whose refractive index is higher than the 
substrate are arranged at the two concave surfaces, the 



lenses and the substrate are fixed by a resin materia] 5 
and then, they are flattened by etching or the like. 
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iitticEfi $ ^ y x t fttti^-ftt- s ± y ® 
>X4 y y -7 K-r-^-v'a >-u-vXcoa$r / >^< 4 1 1 

tt»±-tt©»S-tfc»Ja Lfc w 4 Sr^fS 4 1" £ ft f y 

J; y ffl^f*<DSV^©Dfl*Eli^ 5 ff^w uyX£ 
EKU ISBiTO^cDUvXirS^^BSUfdi, ¥ 
tgffc Ufc r 4 4 1- 6 ft f y * T y Xffl ft***© 

[sS*JI2] ^yp<-h£nfcft&*ft£-fr3<a#£-t 

$ ftttfe ^ >X4 3te**^ 5 — ifc-r ^ w& £ y ® 
^©B^y y y yuyxirtu 

^X4 y y y — V s a ^Ul/X<D&&'J?t£< ti>i 

»»±-tt©Ste±«i»rt Ufc w 4 4 i-« * f y 

iysff^w^v^rovat-Si-sff^ro^yxsriag 

Ltz Z 4 4 1" a ft fcT y y T y Xffl 
[»*«3l => y y- h$ftfcft££ift 

•o'^i/yxt. st^U'vxj; y hizmmmcftig-tz, 
ffcttKEH £ n»#3 u- yx 4 ft tt^-ai- a =t y jg 
^©S^y y y y^yx^u *f^^ 

y/t y y y Mv-7 3 yuyXoa5:'M< Hi 

mw±-fecos«±ir mm Lftzt t -t& % e y 

ffitc&KJ; y Jg W^iSv^ODflffiBlc^- 5 ^ v 
X£KftU W^t?r©yyXii«^i^Lfc 
¥tRfl;UfcC4«r#»4-r5*fyyTyXfflft^ 

[0 0 0 1 J 

ft#-K3£R, ft-r-XgK^I-ti^T. ft^^y (IE 

*»&*«*S4-*-*fc»tffl^btuSftt! , S'^Ty^ft 
filc<£ffl-f 5 ft tr y y r y Xffl *¥**«>ft«#8s'KH 

[0 0 0 2] 

Itt*otttlf] ▼<f?Di/yX*©***^8 OH 

it) *-j£4 Ltli, Wfttf, «fM¥6- 1 94 5 0 2^ 
da-^-YynuvXrw^S^roKit^fe) , m 
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l¥6-2 0 8 00 6^i« (glfiW^o^X 
7K) , «f|JS¥7- 1 8 1 3 0 3#-&« (SAW* 
au>XTU^<0»jt*ife) «fW¥7-l 9 8 9 0 

UVX^O^Tte, WB¥7- 2 4 4 2 0 6^«s 4# 
ffl¥7-2 4 8 4 0 3-fHi*K\ 4#P^¥8- 2 9 6 0 1 

^&6 0 «KH»¥5- 1 7 3 0 0 3^«-CW:, » 

Sifter A 7 "f—^^XVir V isitx h^£j*E 

5r.t«itTori^v\ ^?>tc N waive- 

3 00 9 0 2^ ^¥7-2 8 1 0 0 7^ 
Wgg>P8 - 1 7 1 0 0 3t^ #F^¥8- 1 7 9 2 9 

[0 0 0 3] ^W^eyfflTfet'y^T^^ 

u-1f*Srm*t1-5^»*^— f («T, LDirlS-T) 
l l n^^i/yXi 2 fc % «3tt*-^^^y ^ 
# 1 3 i/4ififtSi 4i, Wft^Xi 5 * 

1-) i8t'«jtitv^o ld 1 i^e>a»s*xt«st 

1 3i 1/4*«*1 4T«*Sttfc*T>f yu-^Sr 

E^K^l 6tf)g5&®l 6aiC«/h^^^^ h^UT* 
?tJti^ * 1 6 a -CRl*1--5»illRiB*^ 

1/4**«1 4^aig1*5i:, «ffiH»UTSii:** 

PD1 8^*l«^iitft, **i^yxi 7-c*5tStur 
PD 1 8(cAtt1-£o fti, ^^^®*^5t^95p D p^ 

[0 0 0 4] ±E«*03fe^2X^T^^'Ctt, Tfe^lUffr 
w°c A/sine ' •••(!) 

50 ::T'0' li^uyxi soffiMftT\ uyxoNA 
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(MPS) ttt, NA = sin6 > t^5BI^^ A 

|ooo5lt:t «WI«>*8lftoJ:5l-S**^>' 

ftfttt N A Sr±tf £ £ ^ 5 ^ffi^Stanf ord^^COK j no t> 
CJ;oTf^*nf: 0 rfttt, 0 7 (a) (TUplcyy 
y hW-^ayuyXl 9£I2*«#1 6K#LT» 
gWT(-iffl££-££- ildiO, -cou-yXi 9<£«B 

So 

w ' oc^/ n sin0' ■ • • (2) 

(b) ^<t5ft«¥«tt^^>'X2 oos^ti, yy* 
K>r ^ - v 5 3 >- ^ ^ x^® -o* * ^ojfeBi & M m s ft 5 

<2T\ h^XSr^bl-fc^J: 5 "far 

w' oc^/n 2 sin0 ' ••• (3) 

[0006] La>u ^^)i*tit 1 6 <7>E 

@:®<t y U y hVv^ayV'yX2 (XDlBBSrl'O 0 

(USP5, 497, 359^ fell, B. 0, Terr is, H. J. Mamin, and D. R 
ugar, "Near field optical data strage", Appl . Phys. Le 
tt. ,68, No. 2, 141, 1996) 0 :^^F!^^2 2^ 

8r*=l. 8 3) £Rti\ Se>(crcou>X2 3 twin 
S:*5V^itftu>X2 1 (NA=0. 5) tf 5 Bd*ixT^ 
So rO«&refcR8 3 0 nm<03fc»Srffl^T3 6 0 n 

[0 0 0 7] rcofdll-yy y hV^-^a VUVXSrfif 
ofc«t Lt\ 4#F^¥8- 2 1 2 5 7 9#4^« (CAME 

IE) % #BB¥8 - 2 2 1 7 7 2 («BlRStf>ffi; 
*) , #^¥8- 2 2 1 7 9 (^lfc^O{£ 

«juvXtt-#{tSnr»(tUfc«*t*oT^S 0 
[0 0 0 8] 

m^\t±m<Dj:^\zn^^y^t y y v y 4 *v 

uvX<0 2 8S<z>W * n uyXT-Mt^o mfcu 
^Xtt locoSS^WBl-l oi*ou>XSrRJtS, ~ 
CD u>-Xttg&rt(cfart>oTdlT**£ £ 5 #o 

/&££oTV>£ 0 ftot rcou>X^K*fttc(i N 
«RU:#LTDflftBS«r»*i-«#«*«fe«rfc6. w*># 
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5 t*B*fw»*ra»a^e^-r -rows-** ? n 

i/yXo«*itTll DDftBtt^xy Fx^fy^T 

tt»OB*f**t»*r»A/-Ci^>XfefPRi- 5 r ittB« 
TfcSo 

[0009] *»wii±E*flHi«*4S*tfct>«"C*> 
oTn spS4*«KttltolH«f*0^^^nuyXSrtlS 

[0 0 10] 

11**1 t*5J5W"Ctt, ayy-h*ixfc*«:* 
)tS««i$^to^#ii/yX^ #«i/yXj;nE 

»«t w-isft-t s ast-ias £ ft*t* u > x t - 
S-rss««t *?JB»f*^ii!^y y s> FM^ayuy 
xst*tl, jttfeuyxt y n 7 yuyx<?) 

±E*4R^P5BJ-Dfl*ESr^U, rco2ocooo* 

XSrffigL, atflgtt-JH'-C-t^u^XtStRSrBStfc 
ft, Wlfc. 

[0 0 1 1] StJRSailffiS^TIl raU^-h^tl 
fcifeSr^JtS-frSftftSrt-oittti/VXt, »*u^X 
<t f) tE«K#tifi«^SffilttE«Sft»»^^Xi 

io 3 yuyXSrtU M^^>-X^ y y y hV^-^a > 

fetisv^T, ±E«goWBtv»S:»rtL, :^)2o 

U'^XSrEau WIIBWJISrT-towXtSIESrHJtL 

[ooi2]l*Jl3t«5»flm ^yy-h^n 
fc*«r**S*S«*Sr<>o*J-*uvXt, »»^X 
J: 9 tE»«*|ci£«-f *(t«^E«Six»«J^^Xt 

3^i/^X«rWL> ^^XiV^yM^ay 

uyxwiBS:/>i< tt> i aa±-tt«*s±K»* l 

r i St W» i i" 5 3t f y ^ T ^ Xffl ft^**^*!;* 
ttldjav^T, S«oWBi-0flftBSr»fi8^f 5J: 5 4ffl 

5«W0>^>X«:E1!U »HB*t**"Cr<3!)U>XiiS« 
[0 0 13] 

50 [JBWtOlltt^tt] BIT; **W^SIlfi^««Sriaffi 
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*+6fcftO)#tt^>^3*Bl!WTl^6. ifc, SKI? 
[0 0 14] mzZOft^m* l^)»f^*rttW+*. n 

^u>X4ojSffi-cft*i-*o y y 7 k 

t\ v y ? yuyX4rtw*ottft«S 
«2(7)JBSf*oiS!«^d^t&ix, ife^S; (2) xm&ti 

-S?b >U^X4 trMU&SC2 Srft^ifi* 1 t LT 

Brao»±*-c*±"C* 5 J: 5 t*/<9--vififiZ1riX 
V\ 

[0 0 16] ifcTU-Y<kLfc3ttfs/^7 5/^ffl3t^* 
y y ^uyX4^1^3o^5o ^<£>*/£ 

BR*ixr*J0, ««2<o±^b3y^-h*ttfc* 
«TfcftH»aufc«»*RrfB4«>-e. eft • S£ • m 

-efcjfctf* S4*r3*j5f3ft*6BI«PtB*HJi-ii3»*Rr« 
T*>5o *3BWtt, Bl*5^ttB2fc*LfcJ:5*# 

[0017] (Hlfeffl 1 ) M*« 1 oHJg^J^H 3 fc« 
1". B3tt, afi«2©±B(C#*U^X3*r, g«2tf) 
TffiJ-y y y hWv-^ 3 ywyX4^-W:^tti 
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xi>mt>fo\ ^i:yy^hv-7-^3yuyX4o 

[0018] *-f H 1 ( a ) <7><fc 0 2 CD±®&tf 

TElwBflftffi2a, 2b£flM1-5o wOD0*®2a, 

2 bcostaiSi^K-t-^^^^xa tyjyR^ 

<0Kffi-C#bix5ft$t"f5c :^)MI2a, 2 b?) 

[0 0 19] ttV>TEI3 (b) [e^i-J; M&B2 

<YX£/h£< UfcV^-efctttf, ^ (2) £i£ (3) «t 
v) ISSr^^f MM X£/h$ < SO 

T\ V y y M^— i?a ^W>-X4liS<E2^JBSf*J: 

20 LTBK7 (j&;g7 6 8. 2 nmWiJf$l. 511 
5 9) ) Sr»l* «-V>-X3, 4<Dttftt 

LTL a F 2 (Rft7 6 8. 2 n mT<DJB0r* 1 . 7 3 

3 5 (a»¥*il3) ) ifcttSFS 1 («S7 6 8. 
2nmWi**l. 8 9 2 7 £ 9 ) ) 
ffl-T^o S3 (b) X\Z&\s>Xkt>ffi& (foSVM* 

[0020] Weill 3 (c) fc*i-i5^ mB§W5 
^SK2^)±®Rt/T®(-='-x^ y^it#uyx 

30 3, 4 ^S«2^@^i-6o ^0)»|IBtt»5ttfiK2 fc 

[0021I W:E3 (d) ^f4Wi 

^ 5o ft*«KliRJ6tt>f t^yf ^^fe'(R I E) , 
S^^^d hn^**a:y^>^jSfe (ECR) , >f^ 

F4, CHF3?^ »HSO#^ttOa f CF4, 

<r>W«^fc»^, flfiE^^^^^^^^I'N2, O2, A 
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^5:ittJ5o r^J:?(cLT, 133 (e) i-^i" 

[0 0 2 2] (»S#J2) *^8t*ig2<0*JS««:lllW 

*iO*16«TttI!flftffiT*>ofc^ B#*2<0*lfc« 
WVitHT^S. rc7)Vf«2c, 2dtt, 

2 d Srffofca«)***^f^«xatt, «** 1 <£>^ 

*«-eiftsufc*ffi (B3 (b) - (e) ) tmmzft 
ft?or\ rrT?JiKWSr*»-r«o *fc, S«^>±T 

[ 0 0 2 3 ] (Xlfcffll 3 ) ^(C»*3S 3 (DUlKMSrKn 
1-6. S5ii, lfi2(0±®(^*3i/yX34: > St£2 
OTii:V y s/ K^-^3>u>'X4£©ttfc3fc^ 

trffo-C*v^»B*:«La*«{bS*TafcK«rft»1- 
a4^$ft*#ttre*S. B5 (a) f±***?-©fPB 

VX£ yjj/ hM^-^3yuyXfflo£]fti6 a £Ufl 

ffl, do*® 6 b«y y y ^^xfflt^ 

[00 2 4] W:05 (b) fc*1-J:5fc, 
®6 b(cy y y M-7-^3yi/yX4 iftsatuyx 
£gBft1~5o »^B5 (c) t*1-J:5lc a6££ 
«i:46»B7«:**1-5 0 r<D»»g 7 *iSuiliO||Jg^J 

«{b»ffi*te/II1-5. Sot, ilB70l«iaotl 
6 co*WS:3!l^jR^*t LgWfc5^li»^*a t 
B«1-*. :p UTBB7*«B*ofct w5T-®6i:3t» 
K 7 BB7-e*»4*tfc**R (WT> MB 

««7t1-*) £K9fl1- 0 £<bl-El5 (d) 1^1-J: 
5K> ro»B**7 0±ffi^»*Sixfcna*B^»* 
u^X3Sriail1-5o wOSt*^vX3ttWfii"CtJT-ia 
T^fc&T?***?*^. W:i5 (e) K*1-<fc5 
fc, fruvX3, 4SrB5J:5«-#Btt»8Sr3-7 t w 
yyu&uyX3, 4t«B**7€:B*1-«. ^ 



(5) ttB¥l l - 1 7 7 1 2 3 

BBtttt8liB5 (c) -Cffl^fcWBSrttoTt 

U *ott<Z)»B"e<>«to4v\ IBtft8t3 

-r^>^1-5S(i, I/VX3, 4£$?g|ffc*ifiJ: 

[0025] 5(f) i^-r £ ? 

7 0irau:#LT*KftBBW*8*rl*< f^^Wft 

^v^jfc (R I E) „ hny 
*q#^^^^/ft (ECR) , -Y^tf-J^y^y^ 

»B^4i^tt02 > CF4, CH4^Srffll^rt^ 
Id, (MK^y^i'^tf^fcNa, O2, Ar3?GD#*£ 

fiAl-ari: tt^6 c rr^co^y^^i*, «B*f 
^ £ i/yXtt^x y v ^aft*s» t < * 6 *#-CfT 

4 5 c = f - y r-f * mimmomtzirnte if x t \ 

xjyf y^ii^y hxyfymifc^V 

5c ^<o£5fcL-CH5 (g) to^-f* otettfy^y* 
3 i V y y hV^~ v>a ^UVX4<OJ|flSrSffi7 Jtlw^ 

[0 0 2 6] 

«^Hff*fe*v^ll«^u^Xa:fflv^5wi^-C# 
30 5 0 ^UT, ±E2o(OUvXSr£fi<Dp5ffi^*^Ufc 

[0 0 2 7] IS*)g2^t e ^^r s/T/JBJte^H^Otfs 

B*ft-ctt, *e>^c»»*u^xty y ^ hM^-v? 

3 ykyX^ot*Jt, rtte>ou-vXSr«<E^S«) 

(Di/yX?rffit^rim5o *t Its ±I22oou 
^X^S«op5BliiJKfi!cLfcV»^EB1-5^"C, Sffi 

40 [0 0 2 8 ] B**3W*fcry^Tyr«***^OfP 

tuwrett, feM^^i/yxtyy^M^ 

3 y^yX^ot^, rttfo^^vXSrSffi^S* 

^i/yx^fflv^:im^ ^UT. uyXSr^i^ 

BlcEfi1-6cOT% i^*SStcu^xra±OT7^y > b 
Srt5:i*T#5. atttofcWBdtJg-CB^ 
«rfRK1-6«)T**lcj|l^ fcfPBI-* - i *s rTB t ft 

50 [HB<7)fffi¥ft^] 
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[0 2] **WCf^«+53tb , y^Ty^3tl|t«^© 
[03] »*«l©-3ilt«Sr*+*t!'y^Tyrffl5t 
[04] J»*3S2©-**W**i-S«0»riBBlT*> 

So 

[HI 5] WW3«)-a«*t*tfy?r?^* 
[HI 6] 1i£*03fcy j eyffi*ti , y^Ty^'©fll*«Sr* 

[0 7] ttjfcftWwHWH-e&o-cjtfcry^rs/^c^ 
y 5, hv-r— v^vX£A;h;fc#j&^1ll-e*>*. 
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